Introduction
Staff development is a basic and necessary component of the continuing education of teachers, administrators and other staff as they extend their professional or technical knowledge (Orlich, 1989) . Codianni and Wilbur (1983) compared the findings of seventeen major studies on effective schools and found systematic staff development as being one of six important aspects of effective schools. Besides regular updating of knowledge in one's subject, professional development and assistance are important for both the dissemination and implementation of educational innovations (Fullan & Stiegelbauer, 1991) . Teachers need to learn new roles in order to work effectively with new programs and technologies (van den Akker, 1988) . It is therefore no surprise that staff development and training is one of the factors that determine the success of implementing an innovation in the educational practice (Fullan & Stiegelbauer, 1991) . There are no reasons to expect that this should not also hold for the use of computers in education. The crucial role of staff development in the introduction of computers in the school is also emphasized by Moskowitz and Birman (1985) , Walker (1986) , Brody (1987) and the US Congress (1988) .
Since the introduction of the computer in education, many authors claim that the beneficial aspects of computer use in education are related to the integration of computers in the existing subjects (e.g. Collis, 1988 , Hunter, 1984 . However, the findings of the first stage of the International Association for the Evaluation of Educational Achievement (IEA)-international research project 'Computers in Education ' (Comped) revealed that the use of computers in existing subjects as an aid in teaching and learning is limited. In most countries participating in this study, the introduction of the computer in schools is predominantly occurring through the introduction of a new subject like computer education or informatics, while the use of computers in existing subjects is still an activity of a rather small group of teachers. The group of intensive computer using teachers will at the best not exceed 15% (Pelgrum, in preparation) .
One may argue that computer use in existing subjects is not fully integrated because this form of using computers is the most complex part of the innovation: this type of computer use requires (unlike the introduction of a new and additional subject like computer educatien) a change in the role of the teachers, as well as adaptations of the existing curricula (Walker, 1986) . As Tobin (1988, p. 223) states, '... adequate hardware, high-quality courseware and administrative support are important, but the teachers' attitude and consequent behavior will determine the impact of the microcomputer in the classroom'. This leads to the conclusion that the limited use of computers in the different subjects may only be partly explained by the limited availability of hardware and educational software in a particular grade or subject, but that other factors also contribute to the low use of computers in existing subjects. Earlier research shows that staff development is such a factor and Comped data also demonstrate that this factor is ~mportant to consider.
First of all, Pelgrum and Schipper (1992) , using Comped data, developed a measure for computer integration in the class. The number of subject matter topics for which a teacher indicates computer use serves as a measure for the integration of computers in that subject area. In order to compensate for the fact that for different subjects matter domains (mathematics, science and mother tongue) the total number of topics for which computers are being used varies between teachers, the maximum possible scores for each subject were rescaled to a 10-point scale. Pelgrum and Schipper found that the integration measure is related to certain elements teachers know or can do (like evaluating usefulness of software and adapt instructional software). This result indicates that integration of computers in the lesson is partly determined by the knowledge and skills of teachers.
The Comped data show further that the lack of knowledge of teachers and insufficient training opportunities are considered to be two major problems in the use of the computer in educational practice. Stasz and Shavelson (1985) already mentioned this problem '...the numbers of computers entering the schools are increasing at an overwhelming rate, far outstripping the schools' ability to prepare teachers to use the new technology'. However, teachers themselves consider their lack of knowledge and insufficient training opportunities less frequently a problem than principals and computer coordinators (Pelgrum & Plomp, 1991) .
A third indication of the relevance of staff development can be derived from a LISREL analysis on the Comped data by Tuijnman and ten Brummelhuis (in preparation). They fitted a LISREL model for six countries, consisting of three dependent variables, namely computer use, teacher competence and readiness, and monitoring and problem coping strategy. One of the independent variables in the models was related to internal staff development. Tuijnman and ten Brummelhuis found that in several countries staff development is related to computer use, teacher competence and strategies to monitor computer use and to the ability to cope with problems.
The results of the Comped study may shed some light on the actual practice of staff development in the schools and its relation with computer use (or non-use) of existing subject teachers. In this paper we will describe the status of knowledge and skills (of teachers in existing subjects) in educational computer use, their involvement in teacher training, and we will relate these to the actual use of computers in the classroom.
Another aspect of staff development is the communication and interaction among teachers, about which some results will be presented as well. Although staff development can be studied on school and on school-transcending level (for example support to teacher training, the role of the principal in the innovation), this paper will be restricted to the teacher level.
In the next section, the general research interest as indicated above will be operationalized into several research questions and the relevant variables will be explained as well as the data sources. In the following section results are presented, while in a concluding section the implications of the reported findings will be discussed.
Data Source and Research Questions
First of all, a definition of staff development is necessary as different terms like professional development, in-service training, professional growth, staff development and in-service education are being used in the literature, with the term chosen more a matter of author preference than of any significant difference in meaning (Orlich, 1989) . Following Orlich (1989, p. 5-6 ) "Staff development subsumes in-service education and also addresses the larger issue of developing organizational problem-solving capacities and leadership skills" regarding the use of computers in the educational practice. "The totality of building human and institutional resources in the organization becomes the goal of staff development." This means that staff development also includes, besides in-service training, classroom-based support, assessment (reflection on the part of the teacher as well as reflection on the validity of the training activities) and dissemination (teachers teaching teachers and team teaching) (Zappone, 1991) . For this reason, in the results section a paragraph dealing with communication and interaction aspects is included.
Following Orlich (1989) , m-service education can be operationalized further as: "p~ograms or activities that are based on identified needs; that are collaboratively planned and designed for a specific group of individuals; that have a very specific set of learning objectives and activities; and that are designed to extend, add, or improve immediate joboriented skills, competencies, or knowledge" leading to changes in teachers' thinking and classroom behavior, "...with the employer paying the cost".
Within the perspective of the Comped study, it is not possible to distinguish between training received during in-service training or initial training. The analysis presented in this paper applies for both pre-and in-service training.
The data used in this paper were collected in 1989 in the 'Computers in Education' study. More details about this study are described in the paper by Pelgrum and Plomp also included in this issue. The present paper presents data across countries. The number of computer-using existing subject teachers included in the survey per country is too small to find variation; and as it is important in a first exploration to study variation in the phenomena dealt with, data from all countries are combined.
As the most beneficial aspects of computer use are expected to be found in existing subject matter areas, we will focus in this paper on teachers of the existing subjects (which are in the Comped study: mathematics, science and mother tongue), leaving out teachers of computer education. The teachers of existing subjects are considered as a whole because distinguishing the different subjects would leave us with too few cases in each subject matter domain. In addition, we will restrict ourselves to secondary education teachers.
The following research questions will be addressed: 1.
What experience, knowledge and skills do teachers have concerning computers and their use in education, and how are these related to training? 2.
Is there a relation between training received and actual practice of computer use in the existing subject lessons?
3.
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Which teachers participated in training activities and what topics were covered in their training? 4.
Is communication and interaction among teachers (being an aspect of staff development) an important indicator for computer integration? As Becker (1992) states, it is important to study how exemplary teachers (that is, teachers who are reputedly expert computer-users in schools) came to use computers differently from other teachers; whether this be their personal background, their beliefs and philosophy of education or characteristics of their work environment. Differences found will help us to understand the barriers that exist for many teachers in using the computer.
For a definition of exemplary teachers (similar to Becker's definition but consisting of less variables), the measure for integration developed by Pelgrum and Schipper (1992) is used. They defined a 10-point scale based on the number of subject matter topics for which teachers of the existing subjects (mathematics, science, mother tongue) indicate computer use. For the purpose of this article, we define three categories of using teachers: low integrators (with score 1, 2 or 3 on the 10-point scale of number of topics in which computers are used), mean integrators (with score 4, 5, 6, or 7) and high integrators (with score 8, 9 or 10). These three subgroups and the group of non-using existing subject teachers will be compared on a number of variables. The number of respondents in each group across countries is indicated in Table 1 . To answer the research questions, variables like the knowledge and skills of teachers, whether training was received or not, the amount of training received, content of training, the number of years a teacher works with the computer, the actual use of the computer in the class, and issues related to communication and interaction will be included in the analysis.
We hypothesize the following: a.
The integration of computer use in existing subjects is correlated with the number of years the teacher works with computers. Rationale: as stated in the introduction, b.
C.
d.
e.
introducing computers in existing subjects is an complex innovation; Walker (1986, p. 33) mentions that if even a small part of the visionary dreams of computer-based education is to be realized, major changes will be required in the day-to-day activity and interaction patterns in classrooms...Developing these new patterns will require collaborative effort on a large scale sustained over a decade or more.
High integrators know more than other subgroups of teachers, and the knowledge and skills base of teachers is (partly) determined by training. Rationale: as stated in the introduction, lack in teachers' knowledge and skills is seen as a problem and is expected to be one of the causes of the limited use of computers in existing subjects in 1989, the year of data collection of Comped. The content of training is related to the actual use of computers in the class. Rationale: assuming that knowledge and skills are related to training received (as stated above) and that limited knowledge and skills partly determine limited use of the computer in the class, it is expected that training is related to actual use as well.
Teachers who have had training in certain aspects of educational computer use are more likely to use the computer in their lessons than the group who did not receive any training in this area. Rationale: as use of the computer in the class is a complex change requiring a lot of pedagogical and organizational adaptations, having had training in these aspects is expected to have an influence. Inter-relationships among teachers (in the form of communication and interaction) contributes to computer integration. Rationale: in innovation literature (e.g. Fullan & Stiegelbauer, 1991) , the interaction basis among teachers is mentioned as one of the important factors influencing the success of implementation.
Results

Years of Instructional Use
As described above, one may expect that the amount of computer experience of teachers influences the extent to which they use computers in their lessons. Table 2 shows the results of a breakdown of the number of years teachers use computers for instructional purposes in their subject matter by the amount of computer integration. Non-using teachers are not included as they do not use the computer for instructional purposes. Due to the fact that the distributions are rather skewed, a non-parametric test has been used to test the differences of means between the subgroups.
Using the Wilcoxon-Rank-Sum test, a significant difference is found between all combinations of two subgroups of using teachers in the number of years they work with the computer in their lessons (all with p<0,01), except in upper secondary schools, between the group of mean and high integrators. The expectation that years of experience is an important factor in the process of integrating computers in existing subjects is indeed confirmed and it seems that, at least partly, the process of implementing this innovation is a matter of time. Teachers who are willing to integrate computers in their subject matter area need knowledge about and skills in using computers. In order to find out what teachers themselves think they know about or can do with computers, so-called self-rating scales were included in the teacher questionnaire consisting of three scales with yes/no questions:
knowledge scale: nine questions about knowledge of hardware and software; programming scale: five questions about programming skills; capability scale: eight questions about the ability of using the computer as a tool for, for example, word processing and computer assisted instruction. The validity of this scale seems to be fairly good, as explained by Pelgrum and Plomp (1991) . In general they concluded that teachers in elementary school score lower on these selfrating scales than teachers in lower and upper secondary schools. One may expect that the computer education teachers in lower and upper secondary schools would have higher scores than the using teachers in other subjects. Although this trend can be observed in general, in many educational systems the scores of the using teachers do not differ greatly from those of the computer education teachers. Using teachers in existing subjects know more than their non-using colleagues. This general result is also found (see Table 3 ) when considering the four distinct subgroups of using teachers (non-users, low integrators, mean integrators and high integrators) and looking at the mean number of all self-rating items each respondent filled in.
In lower secondary education all three subgroups of using teachers and the groups of non-using teachers differ significantly on the self-rating scales, indicating that the group of high integrators has most knowledge and skills. Within upper secondary education only users and non-users and the groups of low and high integrators differ significantly.
For each self-rating item, a test on differences of means for the subgroups of teachers is performed. For lower secondary education each pair of subgroups of teachers differ significantly on two items, namely 'I am capable of adapting instructional software to my needs' and 'I am capable of writing courseware for my own lessons'. Furthermore, 20 items show a difference between the using and the non-using group. Of these 20 items, 15 are also significantly different for the low integrators in comparison with the high integrators. These items are included in Table 4 . For upper secondary education the following was found: only on one item ('I can write a program for storing data on a diskdrive') significantly differed for all four groups of existing subject teachers. Twenty-one items differ between the using and non-using teachers, of which eight also differ for low and high integrators. These items are included in Table 4 as well. This table shows that, particularly in lower secondary education, capability items as well as items referring to programming are important in distinguishing low and high integrators. Given these findings, one may conclude that knowledge and skills in general, and these types of knowledge and skills particularly, are important for teachers when integrating computers in their lessons. The next logical step is to look at how teachers received their knowledge and skills.
Knowledge and skills can be gained by teachers either through some kind of training or by means of self-study. The contribution of self-study activities to the knowledge and skill base of teachers can not be determined from the Comped stage 1 data, which is why we restrict ourselves to training. The overall correlation between participation in training (yes/no) and the knowledge/skill base of teachers is 0.60 (lower secondary education), and 0.57 (upper secondary education), indicating that there is an association between training and knowledge base. This correlation is significant for all subgroups of teachers in both populations. This means that it is likely that teachers do receive part of their knowledge and skills via training (and probably also partly via self-study activities). In the context of implementing computers in education, this means that the training component in the innovation process is relevant and contributes to the integration of computers in existing subject matter areas. Given this finding, it is interesting to have a closer look at the training component.
Training
Teachers in the Comped project were asked which computer-related topics were covered during their initial or in-service teacher training. The questionnaire listed topics within five main categories: Computers and society (4 topics), Applications (14), Problem analysis and programming (5), Principles of hard-and software structure (3), and pedagogical/instructional aspects (5). Pelgrum and Plomp (1991) mention that computer education teachers learned more topics during their training than teachers of existing subjects, and that computer-using teachers of existing subjects learned more during training than their non-using colleagues. There is hardly any difference between lower and upper secondary schools in the content of topics in teacher training.
When combining the factor of whether training was received or not (regardless the number of topics which was covered in the training) with the four subgroups of existing subject teachers (non-users, low integrators, mean integrators and high integrators), it is (not surprisingly) found that (in lower secondary education) 88% of the users and 68% of the non-users have had some form of training; this difference is significant (p<0.01). For upper secondary schools these percentages are about 85% for the users and 63% of the non-users; again this difference is significant. No significant difference was found for either population between the three distinct user subgroups. This finding means that having had some training is no indication for the degree of integration of the computer in the existing subject matter area; it does only distinguish the group of users from non-users. A closer look at the number of topics covered during training and what topics are included in training may give more information.
A breakdown of the number of topics covered in teacher training by the amount of computer integration leads to the results represented in Table 5 . The subgroups of existing subject teachers differ significantly on the number of topics covered in their training, except in lower secondary education between low and mean integrators and in upper secondary education between mean and high integrators. This means that, where having had training in general does not distinguish the using subgroups, the amount of training (in terms of number of topics) to some extent does because in both populations at least low and high integrators differ significantly on the amount of training received. This finding means that when introducing computers in education, it is not enough to give all teachers a course on how to use computers, dealing with only a few topics. The number of topics covered in teacher training also influences the amount of computer integration.
The question that arises now is: What the important topics to be covered in teacher training? As illustrated by a quote from Stasz and Shavelson (1985) , this question was already asked quite some years ago: 'there is a lack of knowledge and agreement on the topics for and organization of staff development programs'. However, it seems relevant to look at the content of training only if the training activities are indeed related to the actual use of the computer in the class. Although a relation is found between the number of topics taught in teacher training and the amount of computer integration, a more detailed look is possible on the type of topics taught in the actual class practice.
Relation Training and Actual Use of Computers in the Classroom
In many schools, some computer-related topics are (also) taught outside formal computer education classes. Teachers of existing subjects were asked to indicate which computer related topics were taught in their subject matter class. The list of topics used for this question was a subset of the list of topics which could be part of teacher training and consisted of the first four categories: computers and society, applications, problem analysis and programming and principles of hard-and software structure.
The correlation between the number of topics covered in training and the number of computer topics taught in the class is for lower and upper respectively 0.39 and 0.35 for all existing subject teachers. For each subject separately, the correlation is respectively 0.36 and 0.28 (mathematics), 0.37 and 0.36 (science) and 0.42 and 0.41 (mother tongue). Table 6 gives the overlap of computer topics taught in the classrooms and the topics covered in teacher training courses. These results show that a majority of computer topics which are covered in the lessons in the subject matter class, was also included in the training teachers received. A conclusion based on these findings is that content of training is an important reference for what is actually taught in the lessons. On the other hand, we must be careful to conclude that whatever is taught about in teacher training will also be covered in the instructional practice of the teacher in the class. It is actually found that of all topics included in the list, only 18% in lower secondary education and 25% in upper secondary education (across all subject matter areas) is also taught in the classrooms. The implication of these findings is that it seems important to carefully consider which topics to include in training for existing subject matter teachers and which not. This finding, together with the earlier raised interest to find out what topics were actually covered in teacher training, leads to the following section.
Content of Training
Pelgrum and Plomp (1991) mention that applications and problem analysis and programming are the most important topics dealt with during teacher training. Pedagogical/instructional aspects are the least mentioned topics of training, but computerusing teachers mention the inclusion of the topics in training more often than non-users. As indicated before, we hypothesize that those teachers who have had some training in the pedagogical/instructional aspects of computer use, tend to use the computer more for instructional purposes, compared to those who did not receive training in this area.
For this reason, a test on differences of means for all four subgroups of teachers was done on all 31 training topics. For lower secondary education, 27 training topics show a difference between the non-using group and the users. Of these topics, 20 show also a difference between the group of low integrators and high integrators. These topics are shown in Table 7 . As can be seen from this table, only on one training topic a difference for all four subgroups of teachers is found ('evaluation of software'). In upper secondary education also 27 training topics show a difference between non-users and users. Of these topics 13 show a difference between the group of low integrators and high integrators. In general, all topics in the categories 'problem analysis and programming', 'principles of hard-and software structure', and 'pedagogical/instructional aspects' distinguish low from high integrators in lower secondary education. However, when looking at both populations, pedagogical/instructional aspects (and particularly evaluation of software), seems to be the most distinguishing category of training topics. Thus, the hypothesis is confirmed that being trained in pedagogical/instructional aspects of computer use can be considered a contribution for the amount of integrated use. Because these topics were the least mentioned by teachers, an important conclusion from these findings is that pedagogical and instructional aspects need to be included much more in teacher training activities. Other activities which seem to be relevant for distinguishing different subgroups are some topics related to applications, problem analysis and programming and principals of hardware and software structures. Surprisingly, having had training in the use of educational and recreational games distinguishes low from high integrators.
Communication/Interaction
Staff development includes more than teacher training only (Orlich, 1989) . Informal interaction, communication and team building are also important characteristics of staff development in the school (Fullan & Stiegelbauer, 1991 As Pelgrum and Plomp (1991) report, the Comped study provides some information about informal interaction and communication between computer-using teachers. They conclude that computer education teachers as well as computer-using teachers in existing subjects have many informal contacts with their colleagues within the school. The frequency of these interactions for all computer using existing subject teachers is indicated in Figure 1 . The figure shows that most contacts take place during some weeks of the school year.
Combining the categories of 'most weeks' and 'every week' communication, the most important activity among teachers is 'talking about instructional uses'. The three subgroups of using existing subject teachers do not differ significantly on these activities. It is not possible to distinguish which of the three activities is the most important for certain subgroups of integrators, because a majority (>2/3) of all computer using existing subject teachers indicate that they are involved in all three types of activities. These findings require at least two remarks. Firstly the frequency in which the interactions occur overall is so low that it is difficult to distinguish between the groups of users. Secondly the questions dealing with communication/interaction were stated quite globally in the instruments and therefore it might be possible that no effect is found of this variable on the degree of integration of computer in the class. However, Becker (1992) found that the existence of a social network of computer-using teachers at the same school distinguish exemplary teachers from other computer-using teachers, thus indicating that communication and team building seem to be important.
Conclusions/Implications
As indicated in this paper, staff development might not be the only contributor to the integration of the computer in the actual practice in existing subjects, but it is an important factor to look at. An analysis on the number of years teachers work with the computer for instructional purposes shows that more integration of the computer can be expected when a teacher works longer with the computer. Apparently, computer integration is such a complex innovation that it cannot be expected to be fully implemented within a short period of time.
Concerning teacher training, a series of results could be reported. The knowledge and skill base of teachers is related to training received and this relation is found to be significant. Furthermore, the amount of training received and the type of topics covered in training are to some extent related to the amount of computer integration. Becker (1992) , having developed a more complex measure for distinguishing exemplary computer using teachers from other computer users, also found organized support for computer using teachers in the form of staff development activities as one of the distinguishing factors for exemplary teachers. One of the most consistent findings on the environment of exemplary computerusing teachers is that they work at schools in districts that have invested heavily in staff development and on-site staff support for computer-using teachers. A conclusion from these findings is that a closer look at the types of teacher training is necessary in order to find out how many and which topics should be included. An indication of what topics should be included in teacher training is explored, leading to the conclusion that the inclusion of special pedagogical/instructional aspects in teacher training contribute to the integration of computers in the classroom. Besides, some topics in the category applications, program analysis and programming, and principles of hard and software structure seem to be relevant. Becket (1992) found that instruction in using computer application programs (such as word processors, spreadsheets and grade book managers) and formal training in using computers in teachers' specific subject matter are the two staff development activities which are especially important to distinguish exemplary teachers from the others. As our results show that particular pedagogical/instructional aspects only had a limited presence in the training activities up till 1989, an important implication from these results is that teacher training institutes should take these aspects into account.
Besides training, the influence of communication and interaction on computer integration was studied but no significant results on this relation were found. However, one may not conclude from these results that communication and interaction are not important in staff development. In the first stage of Comped, only a few variables concerning these aspects were included in the instruments and it might be that the operationalization of these aspects was not adequate. In stage two of Comped more detailed variables concerning this aspect are included in the instruments. This paper presented data across countries. It is useful to study national situations concerning staff development as well, but in the scope of this paper, the country-specific information was excluded as argumented in the introduction. In this concluding section we can provide a first look at country-specific information. Within the group of using teachers, it is interesting to trace in which country the high integrators are located, and what per cent of all computer-using teachers are, according to our measure, high integrators. If they all would come from one country it would be logical to study for this specific country the way development activities are organized. If on the other hand, it would be found that high integrators are spread over all countries participating in the study, other conclusions need to be drawn.
A first exploratory analysis on the countries represented in the group of high integrators (as we defined it) reveals that the group of high integrators in lower secondary education mainly consists of teachers from France, USA and to some extent Austria. In upper secondary education the countries with the highest percentage of high integrators are India and USA. In most countries the group of high integrators as part of all using existing subject teachers does not exceed the 25% (except in upper secondary education in Austria, India and Israel). Although first analyses give some indications that in these countries more emphasis is laid upon pedagogical/instructional aspects in training activities, more thorough analysis is needed to draw firm conclusions.
Summary
Since the introduction of the computer in education, many authors claim that its beneficial aspects are related to the integration of computers in existing subjects. Research shows that staff development is one of the factors influencing the amount of computer integration. The data of the International Association for the Evaluation of Educational Achievement (IEA) international research project 'Computers in Education' (Comped) shed some light on the actual practice of staff development.
First of all, it is found that more integration of the computer is related to the number of years a teacher works with the computer. There is a significant relation between the knowledge and skills base of teachers and training received. To some extent, the amount of training received and the type of topics covered in training are related to computer integration. It is found that the inclusion of special pedagogical/instructional aspects of computer use in teacher training contributes to the integration of the computer in the curriculum. In the meantime, teachers indicate that in the training activities up till '89 these aspects are present only to a limited degree. As staff development includes more than just training, communication and interaction among teachers using computers was studied as well but no significant relation was found between the communication/interaction and computer integration. 
